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ABSTRACT 
The research to identifY suitable alternative refrigerants to replace Rl2, considering the ozone layer 
depletion, lead to the development of R134a. The growing concern about the earth climate, drove the european 
refrigeration industries to considerate also the impact of the refrigerants on the earth ecosystem; the GWP 
became a primary characteristic to be evaluated in the refrigerant selection. Considering also the problems 
faced by the refrigeration industries caused by the handling of the P. O.E. oil, due to its hygroscopicity and its 
poor compatibility with the chemical products used in the manufacturing process, a further step in the Rl2 
replacement, was the choice of R600a. 
The strong benefits in efficiency given by R600a are one of the most important options in the development of 
high efficiency compressors. Because of the flammability issue related to the use of R600a, a careful analysis of 
the risk coming from the use of flammable refrigerants in refrigeration systems has been carried out, including a 
FlvfEA study. Some safety aspects related to the behaviour of the electrical components in explosive atmosphere 
were also analyzed. A series of chemical analysis, including bomb tests and sealed tube tests, to evaluate the 
reactivity ofR600a with the materials used in the compressor, show that the chemical stability of the "R600a-oil-
compressor" system is equivalent to the R12 based systems and better than R134a. 
INTRODUCTION 
The concern about earth climate has been reflected in the Montreal Protocol and its revisions with ban of 
CFC's. 
The pressure to speed up the CFC substitution forced the industry to find suitable candidates to replace Rl2 
that lead to the development of R134a alternative and its implementation in mass production in the beginning of 
1993 in Western Europe and Rl2 complete ban by December '95. 
In the same time due to the increasing importance assumed by the greenhouse effect, GWP and TEWI came to 
be considered as primary characteristic while selecting refrigerant alternatives. In table I the climate affecting 
properties ofR12 and some major candidates to its replacement are reported. In December 1997 has been held in 
Kyoto the third conference on the climate change; the EU signed a protocol where a reduction of 8% (within 
years 2008-2012) in the emission of the so-called greenhouse gases is assumed as a commitment. It is expected 
that the demand for high efficiency compressors will grow faster and faster. 
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The data in above table indicate that from the earth climate point of view the most interesting candidate to 
replace Rl2 and Rl34a is R600a - isobutane. 
THEORETICAL PERFORMANCES COMPARISON 
Some physical properties of the refrigerants listed in table 1 are reported in table 2 
TABLE 2: THERMOPHYSICAL PROPERTIES OF REFRIGERANTS 
REFR. :rvrw NBP tcrit pcrit LEL UEL 
roq roq [kPal f%1 [%] 
Rl34a 102,03 -26,07 101,15 4067 
R152a 66,05 -24,02 113,26 4517 5,1 17,1 
R600a 58,12 -11,61 134,70 3631 1,8 8,5 
R600a has a lower operating pressure level and lower vapor density with obviously lower volumetric capacity .. 
As a consequence, larger displacement, in comparison with R12, has to be adopted in the compressor. 
The theoretical analysis based on the ideal refrigeration cycle performed with various refrigerants shows that 
R600a has the highest cycle efficiency and the lowest :final discharge temperature. In the table 3 typical domestic 
refrigeration appliance theoretical cycle is presented for R12 , R134a and R600a [ 1] 
TABLE 3: THEORETICAL CYCLE CALCULATION 
(-25/55/55/32/32) 
REFR SUCT. DISCH. SUCT. DISCH. DISPL COP 
PRESS. PRESS. SPEC TEMP. 
VOL. 
[kPal [kPa] [m3/kg] roq [%] [%] 
Rl2 123,3 1363,7 0,166 ref 1 ref 
Rl34a 106,2 1495,2 0,230 -8,3 +8,7 -1,8 
R600a 58,7 772,2 0,732 -25,4 +92 +5,4 
EXPERIMENTAL PERFORMANCE COMPARISON 
Complete series of different cooling capacity and efficiency level compressors has been developed for use with 
R600a by Embraco; in particular, a very high efficiency midi size NBT compressor series was developed recentely 
and in the same time Rl34a version was developed using the same compressor configuration, that allows us to 
practically compare the performances of two refrigerants, see table 4. 
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TABLE 4: EXPERIMENTAL DATA COMPARISON 
CO:MPRES- REFRIG. DISPLAC. COOLING COP 
SOR TYPE CAPACITY 
rcc] rWJ [WfW] 
NBT1116Z Rl34a 7,4 143 1,17 
NBT1116Y R600a 12,3 145 1,25 
Cecomaf conditions 
The reduction of the final discharge temperature, is a contributing factor to reduce the overall thermal level of 
the compressor; therefore it is possible to use a very low viscosity lubricant with a consequent increase in the 
compressor efficiency. 
The fig. I shows the influence of the lubricant viscosity in 24 hour consumption test on one specific 
appliance. The lower limit of lubricant viscosity is a function of lubrication effectiveness and its thermal 
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Figure 1 
NOISE PERFORMANCES 
Isobutane offers also benefits from the noise point of view. Lower level of discharge pressure asssociated with 
this refrigerant in comparison with R12 and Rl34a reduces force level on the mechanism with overall substantial 
noise reduction, see fig. 2. 
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Figure 2 
From the other side highest displacement relative to the R600a requires additional mechanical counterbalance 
to mitigate piston mass increment, in order to maintain low vibration level in the compressor; this is a very 
important "quality characteristic" to assure the quiet operation in the refrigerator. 
As the sound speed ofR600a is much higher in comparison with the ones ofR134a (+32%) and Rl2 (+43%), 
the noise due to the excitation of the cavity is expected to be shifted towards higher frequencies. Due also to the 
operating temperature difference of the R600a compressors, a deep investigation on cavity excitation has been 
performed to avoid the cavity be excited in the normal operating conditions. 
In general2+4 db (A) noise reduction is expected with the same compressor configuration between R600a and 
R134a 
RELIABILITY 
Isobutane/mineral oil refrigeration system has been studied from reliability prospective. Series of sealed tube 
tests have been conducted to evaluate the new system reactivity with metallic catalysts, polimeric materials, 
enameled copper wires and other compressor components. Bomb tests have been performed to verify isobutane 
solvent capacity towards materials used in the manufacturing process and different kind of life and wear testing 
on complete component was carried out. 
Conclusion of all these activities is that isobutane based system can be considered as reliable as Rl2 system 
and better than Rl34a [3]. In addition to that, there is a potential risk associated with the very high sensitivity of 
POE oils I Rl34a systems to the humidity and contaminants. 
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SAFETY 
Flammability is the negative characteristic of R600a in comparison with Rl2 and Rl34a. Experts of 
international safety boards are in the final stage of release of relative standards IEC 335-2-24, prEN 378 (both in 
draft of amendement phase) for electrical and mechanical aspects to cover the final consumer safety. 
Since the regulations are not yet completely set, industries both for systems and components conducted several 
activities to assess the risk related with flammable refrigerants [2] that had the scope to compare the risk level 
with non flammable refrigerant appliances. In particular risk assessment on the isobutane compressor was 
performed including product and process FMEA. 
A careful analisys of compressor electrical components was performed showing that the additional sealing of 
their enclosures can assure the compliance with IEC 79-15. 
Till now sealed overload and PTC starting device were approved for use in the explosive gas atmosphere; 
recently tests on current relais were performed with positive result on some particular type of the device enclosure 
[6]. 
Embraco is recommanding to the customers that intending to use HC alternative to perform specific risk 
assessment activity on their appliances. 
SYSTEM IMPLICATIONS 
The most important impact on the appliances, related to the use of hydrocarbons refrigerants, is the consequence 
of the safety issues. It is clear, from the above mentioned considerations about risk assessment, that 
coWltermeasures must be applied to the systems, to eliminate or, at least minimize, the risks associated to the use 
of hydrocarbons, e.g. the tubing of the evaporators should not be exposed to the actions of mechanical defrosting, 
the potential ignition sources must be located in such way that, even in case of leaks from the system, they can 
not be in contact with the flammable atmosphere, etc. 
The highest solubility of R600a in mineral oil, is requiring a careful evaluation of the design of the evaporator 
circuit, to avoid the oil trapping. 
The handling of systems filled with flammable refrigerants, specially in the field service, needs very well trained 
people to manage the maintenance. 
CONCLUSIONS 
Series of strong advantages are associated with use of isobutane such as higher system efficiency, lower noise. 
better reliability. 
Safety issues solution leads to the slow phase out of Rl34a in the Northern Europe in all type of domestic 
appliances. In fact isobutane can be considered as a long term solution for the domestic refrigeration. 
From the economical prospective, there are some penalties related to the investments required to solve the 
safety issues, both in appliance redesign and in their manufacturing processes. 
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